I g63.pPotassium and sodium concentration and inulin space were measured in samples of rat soleus, plantaris, and gastrocnemius muscles after indirect stimulation in situ for 4 min, 30 min, and 6 hr. Two samples were taken from the gastrocnemius muscle : one from its outer layers, containing mostly white fibers, and another from the deep layer containing relatively more dark fibers. The cationic changes which follow low-frequency stimulation are largest in white gastrocnemius fibers? and decrease in this order: plantaris muscle, red gastrocnemius fibers, and soleus. When the stimulation frequency was increased, predominantly red components of the triceps surae also showed a marked cationic "debt."
The same occurred with an intermittent tetanus alternating with stimulation at ~o/sec. Intermittent tetanus alternating with resting periods or continuous tetanus did not cause any significant change in cationic distribution. stimulation of slow and fast muscles ionic distribution in stimulated muscles insulin extracellular space ionic distribution with fatigue and tetanus sodium and potassium distribution in stimulated muscle I N RECENT EXPERIMENTS we found that the intracellular Na and K distribution in rat gastrocnemius muscle was not uniform after prolonged stimulation (2) . Thus the degree of K depletion and Na accumulation were significantly greater in the middle than in either the distal or proximal parts of the muscle. It was suggested that these differences might be due to differences in the fiber composition of the different parts of the muscle. This is supported by the observation that the ionic composition of resting skeletal muscles varies in accordance with their proportion of red versus white fibers (4). In rat gastrocnemius, a typical "mixed" muscle, the deep layers consist predominantly of red fibers and in these inulin space and [Na]i are significantly larger and [K]i smaller, than in the outer layers which contain mostly white fibers.
The differences in water and cationic concentrations in the resting white and red fibers suggest a functional role in contraction.
In the presen t experiments further evidence in support of this hypothesis is presented. The results show that changes in water and in ionic concentration in a stimulated muscle depend on fiber type and on the rate of stimulation.
With low-frequency stimulation the magnitude of the changes in inulin space and in cationic concentrations are higher in those components of the triceps surae muscle where the proportion of the white fibers is greater.
METHODS
Fifty-six male albino rats of an inbred Wistar strain, 5-7 months of age were used in these experiments.
The animals, deprived of food for 18 hr, were anesthetized with a combination of pentobarbital Na (3.33 mg/roo g) and phenobarbital Na (6 mg,h oo g) administered intraperitoneally and subcutaneously, respectively. A polyethylene cannula was implanted into the carotid artery for blood sampling, and the kidneys were decapsulated and the pedicles ligated. An alkali-stable inulin solution (15 % w/v) was injected into the tail vein in a dose of 0.5 ml/r oo g body weight. After 3 hr of equilibration, the tendons of the triceps surae were tied together distally, and connected to a Statham strain gauge as previously described (3). The left sciatic nerve was sectioned and isolated for stimulation at various rates using square-wave pulses of o.2-msec duration and supramaximal intensity delivered from a Grass stimulator. Stimulation periods varied from 4 min to 6 hr. After stimulation a blood sample was taken, and both triceps surae muscles were exposed and dissected.
The ionic and water distributions were determined in the soleus, plantaris, and gastrocnemius muscles. Two samples were dissected from the latter muscle; one sample from the outer layers containing mostly white fiber, and another from the deep layers containing predominantly red fibers. The method of processing and analyzing the blood and muscle samples has been described previously (4).
RESULTS
Effect of 4-min stimulation. Cross sections of the triceps surae muscle were analyzed histologically to evaluate the ratio of red and white fibers as described previously (4). The average dark fiber content of the soleus, deep layers of the gastrocnemius, plantaris, and the superficial layers of the gastrocnemius were 61.5, 55.5, 44.5, and I 8 %, respectively
In the first experiment 16 rats were divided into two equal groups. In the first group the cut left sciatic nerve was stimulated at a frequency of 5/set, while in the second group a continuous tetanus was applied with a frequency of 2oo/sec. In both groups stimulation lasted 4 min. Three muscle samples were analyzed from each hind leg; the soleus, the superficial layers of the gastrocnemius (containing mostly white fibers), and the deep layers of the gastrocnemius (containing relatively more red fibers). The same samples from the contralateral nonstimulated leg served as controls. There were significant differences in the water distribution between the two groups and between samples representing mostly white or red fibers (Tables I and 2 ). In group I the inulin space increased slightly in the predominantly dark-fibered soleus muscle, but did not change in the white gastrocnemius sample. There was a slight increase in inulin space even after continuous tetanus. The cell water did not change in samples taken after stimulation at a frequency of 5/set, except in the case of the white gastrocnemius muscle, where a marked Table 3 .
Although the inulin is always highest in the resting soleus muscle, it shows the least increase after stimulation. The changes in inulin space after 6 hr of stimulation conform to the histological findings: the higher the proportion of white fibers the greater the change in inulin space. The reverse is true for cell water content: the white portion of the gastrocnemius showed extreme cell dehydration.
Changes in [Na]i and [K]i also parallel the histological findings and the results leave no doubt that these changes are connected with the ratio between white and dark fibers. While intracellular Ka increase in the case of the soleus muscle was not even 50 57, there was a more than tenfold increase of [Na]i in the outer layers of the gastrocnemius muscle which contain mostly white fibers. Where the proportion of white fibers was greater, the magnitude of the changes in inulin space and cationic concentrations were proportionately higher. The nonstimulated contralateral muscles did not show the Na and K concentrations as found previously in resting muscles (4). There was a slight but significant shift in the opposite direction as compared to the stimulated muscles. Only inulin space showed uniform changes. It was significantly increased in all of the nonstimulated muscles as well. The sum of the intracellular (Na + K) decreased in the stimulated muscles since the sodium accumulation did not keep up with the K depletion. 
